The angular distributions of the 'P, P, and P lines of 2-MeV/amu Mg projectiles excited by col- 
I. INTRODUCTION
The knowledge of the angular distribution and/or polarization of x radiation arising from the decay of atomic and ionic excited states produced in ion-atom collisions is important from several theoretical and practical view- points. The angular distribution and polarization of an x-ray line are determined by the relative magnetic substate population (or more generally by the alignment and orientation) of the excited states. ' The magnetic substate cross sections provide more detailed information on the excitation mechanism than the total cross sections (summed over the magnetic substates), and hence measurement of the angular distribution enables detailed testing of the different collision theories and approximations. From a more practical point of view, the knowledge of the angular distribution and polarization is very important in interpreting absolute and relative intensity measurements, especially if the radiation is detected by polarization sensitive devices such as crystal spectrometers.
Despite considerable effort to clarify the mechanisms which govern the population of projectile states inside and at the surface of solids, a number of features are still puzzling.
In projectiles emerging from thin solid targets, a 20-pg/cm carbon foil located upstream from the target using a proportiona1 counter identical with that used in the crystal spectrometer. The other details of the experimental setup, the data acquisition system and the spectral analysis were the same as described earlier. ' When the angular distribution of the absolute intensity of an x-ray line is to be measured, the geometrical rotational symmetry of the measuring apparatus must be very precise. To check the rotational symmetry of the system, the angular distributions of the L x rays from a thin aluminum target excited by 5. To determine the reflection properties of a crystal experimentally, one has to measure the reflectivity and the polarization sensitivity as functions of the x-ray energy.
The polarization sensitivity measurements require a polarized x-ray source with known polarization, and it should be noted that synchrotron radiation presents interesting and useful possibilities in this regard. As was pointed out in Sec. III, the crystal reflectivity measurements led to the conclusion that the reflection properties were closer to the PCA than to the MCA model, but this conclusion was not totally unambiguous with regard to the polarization sensitivity. To obtain further understanding of this important quantity, an attempt was made to deduce information on the polarization sensitivity from the measured angular distribution itself. Two separate fits were made to each angular distribution, applying the PCA and the MCA models for the reflectivity and polarization sensitivity in Eq. (1). In Fig. 4 the fits to the angular distribution of the P, 'P, and P lines, obtained using the PCA and MCA models, are compared. The PCA model obviously gives better fits to the experimental data than the MCA model for the P and 'P lines. The fit to the angular distribution of the P line is not so selective, since the shape of the angular distribution is relatively insensitive to the crystal structure in this x-ray energy region. There is yet another way to deduce the polarizations of the preceding lines and thereby check the consistency of the data analysis. The angular distributions of the intensity ratios can be measured more precisely than those of the absolute intensities. In the case of the I( P)/I('P) ratio, a further advantage is that one can use the relationship between the P and 'P polarizations [see Eq. (3)], and thus use only one polarization as a fitting parameter. In the case of the P/'P ratio one can use the polarization of the 'P line deduced from the fits to the angular distribution of the 'P intensity, or that of the P/'P intensity ratio, and use only the P polarization as a fitting parameter. In Fig.  5 the fits to the angular distributions of the P/'P and P/'P intensity ratios, assuming PCA and MCA models, The MCA model gives worse fits than the PCA model, and the deduced polarization of the P line is unreasonable because the maximum possible value of the P polarization is 0.43 (o i --0). Thus, the conclusion of these analyses is that the reflection and polarization properties of the ADP crystal used in this experiment are well described by the PCA model. The same conclusion was reached for the NaCl crystal used in the previous measurements of sulfur projectile x rays. ' When highly charged projectiles pass through a thin foil, electrons are frequently captured into high-lying Rydberg states of the projectiles at the surface of the foil and subsequently cascade down to the inner shells. The end of the cascading process is an x-ray transition which is delayed compared to the prompt decay of the same states produced by direct excitation or ionization. The mechanism populating these states has been extensively studied, and the decay curves measured, but several puzzling questions remain unanswered. ' From the point of view of the present angular distribution study, the cascade contribution may influence the measurements in two ways: (i) the delayed component decays well behind the foil and hence the spectrometer may see different portions to the experimental data using the PCA model, and the broken curve is the fit obtained using the MCA model. The deduced polarizations and the relative chi-squares are displayed in the figure. of the delayed intensity at different observation angles, (ii) it is reasonable to assume that the delayed radiation is isotropic and unpolarized since it is the result of a long cas- Tables I and III As was briefly summarized earlier in Sec. II, the surface of the target foil may in principle influence the alignment of the projectile states, resulting in a dependence of the polarization of the emitted radiation on the tilt angle of the foil surface. The measurements discussed so far were carried out with 50-pg/cm carbon foils tilted at +45' with respect to the beam direction. The fact that these angular distributions can be fitted well with Eq. (1) indicates that foil tilting has no strong effect on the shape of the angular distribution. To check the effect of tilting the foil more directly, a set of measurements were carried out with a 70 pg/cm untilted carbon foil. The measured angular distribution of the I( P)/I('P) intensity ratio is shown in Fig. 6 . The fit to the data points was made using the PCA model in Eq. (1). The theoretical calculation of the 2s-2p and 2p-2p capture for the Mg-Al system, however, would be highly desirable for comparison with the present results. 
